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1 Model components
We couple an Earth system model (ESM) [4] with reduced ocean dynamics [6], to a dynamic model
for social behavior [1, 2, 3]. The full socio-climate model reads

dx

dt
= κx(1− x)(−β + f(Tf ) + δ(2x− 1)), (1)

dCat

dt
= ε(t)(1− x)− P +Rveg +Rso − Foc, (2)

dCoc

dt
= Foc, (3)

dCveg

dt
= P −Rveg − L, (4)

dCso

dt
= L−Rso, (5)

c
dT

dt
= (Fd − σT 4)aE . (6)

Climate variables are expressed as deviations from pre-industrial levels. Definitions of state vari-
ables and climate ‘processes’ are given in S1 Table, and baseline parameter values are provided in
S2 Table. Functional forms for each process are outlined below.

Photosynthesis

Carbon uptake from the atmosphere via photosynthesis takes the following form

P (Cat, T ) = kpCve0kMM

(
pCO2a − kc

KM + pCO2a − kc

)(
(15 + T )2(25− T )

5625

)
(7)

for pCO2a ≥ kc and−15 ≤ T ≤ 25, and zero otherwise. The mixing ratio of CO2 in the atmosphere,
pCO2a is defined as the ratio of moles of CO2 in the atmosphere to the total number of moles of
molecules in the atmosphere ka. Thus

pCO2a =
fgtm(Cat + Cat0)

ka
(8)

where fgtm = 8.3259 × 1013 is the conversion factor from gTC to moles of carbon and Cat0 is
initial level of CO2 in the atmosphere. Note photosynthesis satisfies Michaelis-Menton kinetics in
pCO2a resembling increasing but saturating rates of photosynthesis as carbon in the atmosphere
increases. The temperature term captures optimal photosynthesis at T = 2 (atmospheric temp. of
27◦C) with declining rates for further increases in temperature.
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Respiration

Plant respiration takes the form

Rveg(T,Cveg) = krCvegkAe
− Ea

R(T+T0) (9)

which increases with the amount of carbon present in the vegetation, and also with the temperature.
This provides a positive feedback with increasing carbon levels. Soil respiration takes an analogous
form:

Rso(T,Cso) = ksrCsokBe
− 308.56

T+T0−227.13 . (10)

Turnover

There is an assumed constant fraction of plants dying in a given unit of time:

L(Cveg) = ktCveg (11)

The stored carbon is then fed into the soil reservoir.

Ocean flux

Flux of CO2 from the atmosphere to the ocean takes the form

Foc(Cat, Coc) = F0χ

(
Cat − ζ

Cat0

Coc0
Coc

)
(12)

where χ is characteristic solubility of CO2 in water and ζ is the evasion factor [6]. More complex
ocean models couple these parameters to chemical dynamics within the ocean itself [4], however
we find good agreement when comparing this simplified climate model with the full Earth system
model presented in [4].

Atmospheric Dynamics

We use the grey-atmosphere approximation as used in [4] to model atmospheric dynamics. This
framework captures changes in global average surface temperature due to changes in albedo, solar
flux, and the opacity of CO2, H2Ov and CH4. The net downward flux of radiation absorbed at the
planet’s surface is given by

Fd =
(1−A)S

4

(
1 +

3

4
τ

)
, (13)

where A is the surface albedo, S is the incoming solar flux and τ vertical opacity of the greenhouse
atmosphere. Expressions for each opacity are given by

τ(CO2) = 1.73(pCO2)
0.263 (14)

τ(H2O) = 0.0126
(
HP0e

−(L/RT )
)0.503

(15)

τ(CH4) = 0.0231 (16)

where pCO2 is the mixing ratio of CO2 in the atmosphere as defined earlier, H is the relative
humidity, P0 is the water vapor saturation constant, L is the latent heat per mole of water, and R
is the molar gas constant.
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2 Parameter selection

2.1 Climate parameters
All climate parameters are borrowed from the Earth System model [4] except for those governing
carbon transfer with the ocean, where we use a simplified framework [6]. We calibrate these
ocean parameters to recover dynamics of the full Earth System model. The relative humidity H
is calibrated to give a pre-industrial temperature of 288.15K. Parameter values along with upper
and lower bounds are listed in S2 Table.

2.2 Social Parameters
For reference, social dynamics are modeled by

dx

dt
= κx(1− x)(−β + f(Tf ) + δ(2x− 1)). (17)

Reasoning for baseline parameters are provided below. The effect of varying key social parameters
is detailed in the manuscript.

Social learning rate (κ) determines the rate at which an alternate strategy propagates through-
out a population, once the alternate strategy has a higher overall utility. Population level change
in consensus can take decades (e.g. smoking as a health hazard) and so we select a value of κ
accordingly. The time taken for consensus change is O(1/κ) and so we use a baseline value of
κ = 0.05 to correspond to change over a 20-year period. This is similar to previous studies mod-
eling of evolving population consensus in socio-ecological systems [2, 3]. Upper/lower bounds of κ
are taken to correspond population level consensus change from 5 / 50 years respectively.

Net cost of mitigation (β) is set to one without loss of generality. Other payoff parameters are
normalised to be relative to the net cost of mitigation.

Strength of social norms (δ) is a measure of the ’cost’ that an individual incurs when acting
against the majority opinion. In a population with complete consensus (x = 1, 0), the cost to
adopt the alternate strategy is exactly δ. We assume this cost is on the same order as the net cost
of mitigative practices (β) and so we investigate δ for the range (0.5, 1.5).

Cost of warming (f(Tf)) represents the perceived costs associated with a global temperature
anomaly of Tf degrees Celsius. Despite the growing acceptance of climate change and its conse-
quences, the rate of global CO2 emissions per capita shows little sign of slowing down (S8 Fig).
Temperature records report a current temperature anomaly of 1◦C above pre-industrial values and
CO2 emissions per capita are hovering at approximately 1.3 tC yr−1, the highest rate in history.
When modeling an individual’s perceived cost of global warming at a temperature of T , we there-
fore use a sigmoidal function (Methods). This assumes small temperature anomalies (on the order
of 1◦C) receive low response, as is observed in empirical data (S8 Fig). At a specified thresh-
old temperature, the response function increases in a non-linear fashion, capturing the expected
non-linear increase in frequency of climate change disasters as temperature increases [5]. The cost
function eventually saturates for high enough temperature.
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